Strain NEAU-ST5-21 T was isolated from saline and alkaline soils in Zhaodong City, Heilongjiang Province, China. It was aerobic, Gram-stain-negative, rod-shaped and motile with a polar flagellum. It produced yellow-orange colonies with a smooth surface, and grew in the presence of 0-5 % (w/v) NaCl (optimum 0 %, w/v), at temperatures of 20-40 6C (optimum 28 6C) and at pH 7-11 (optimum pH 7). Phylogenetic analyses based on the separate 16S rRNA gene sequences and concatenated 16S rRNA, gyrB and rpoD gene sequences indicated that strain NEAU-ST5-21 T belongs to the genus Pseudomonas in the class Gammaproteobacteria. The most closely related species is Pseudomonas xanthomarina, whose type strain (KMM 1447 T ) showed gene sequence similarities of 99.0 % for 16S rRNA, 81.8 % for gyrB and 85.0 % for rpoD with strain NEAU-ST5-21 T . DNA-DNA hybridization values between strain NEAU-ST5-21 T and P. xanthomarina DSM 18231 T , Pseudomonas kunmingensis CGMCC 1.12273 T , Pseudomonas stutzeri DSM 5190 T , Pseudomonas oleovorans subsp. lubricantis DSM 21016 T , Pseudomomas chengduensis CGMCC 2318 T , Pseudomonas alcaliphila DSM 17744 T and Pseudomonas toyotomiensis DSM 26169 T were 52±0 % to 25±2 %. The DNA G+C content of strain NEAU-ST5-21 T was 65 mol%. The major fatty acids (.10 %) were C 18 : 1 v7c and/or C 18 : 1 v6c, C 16 : 1 v7c and/or C 16 : 1 v6c and C 16 : 0 , the predominant respiratory quinone was ubiquinone 9, and polar lipids consisted of diphosphatidylglycerol, phosphatidylethanolamine, one unknown phospholipid, phosphatidylglycerol, one unknown aminolipid, one unknown lipid and a glycolipid. The proposed name is Pseudomonas zhaodongensis sp. nov., NEAU-ST5-21 T (5ACCC 06362 T 5DSM 27559 T ) being the type strain.
The genus Pseudomonas was originally created by Migula (1894) and belongs to the family Pseudomonadaceae within the class Gammaproteobacteria. Since then, this genus has undergone various taxonomic revisions (Sneath et al., 1981; Oyaizu & Komagata, 1983; Vancanneyt et al., 1996; Anzai et al., 2000) . More and more species have been found belonging to the genus Pseudomonas, and at the time of writing, the genus comprises 150 species and 11 subspecies with validly published names (Parte, 2014) . Members of the genus Pseudomonas are widely distributed in a variety of environments such as soils, water, air, plants, animals and many other natural habitats (Palleroni, 1992) . All members have certain characteristics in common, such as being aerobic and chemo-organotrophic, non-spore-forming, and catalase-and oxidase-positive; having rod-shaped morphology and Gram-staining-negative behaviour; and undergoing a respiratory rather than a fermentative metabolism (Palleroni, 1984; Timmis, 2002) . Most members are motile by one or several polar flagella, fail to grow under acid conditions, contain the hydroxy fatty acids C 10 : 0 3-OH and C 12 : 0 3-OH, and ubiquinone 9, and do not accumulate polyhydroxybutyrate granules (Palleroni, 2005) . Members of the genus Pseudomonas display great metabolic diversity that enables them to utilize a wide range of organic compounds and occupy an important ecological position in the carbon cycle (Ló pez et al., 2012) . In a recent study of the microbial diversity and taxonomy IP: 54.70.40.11
On: Thu, 20 Dec 2018 03:17:14 of halotolerant and halophilic bacteria from saline and alkaline soils in Songnen Plain (Pan et al., 2012) , strain NEAU-ST5-21 T was shown to share gene sequence similarities of 99.0 % for 16S rRNA, 81.8 % for gyrB and 85.0 % for rpoD with Pseudomonas xanthomarina KMM 1447 T , suggesting that strain NEAU-ST5-21 T may represent a novel taxon. In this study, we performed polyphasic taxonomy on strain NEAU-ST5-21 T and propose that this strain represents a novel species of the genus Pseudomonas.
Strain NEAU-ST5-21 T was isolated from the 5-10 cm-deep saline and alkaline soil taken from Zhaodong City, Heilongjiang Province, China (46 u 039 56.620 N 125 u 549 12.480 E) in 2012. For isolation, the sample was suspended in 5 % (w/v) NaCl modified Luria-Bertani (LB) liquid medium consisting of (per litre): tryptone 10 g, yeast extract 5 g and NaCl 50 g, pH 7.2-7.4. After incubation for 2-3 days at 28 u C in a shaking incubator, the bacterial suspension was serially diluted and spread on 5 % (w/v) NaCl modified LB medium containing 1.5 % (w/v) agar. Plates sealed in plastic bags were incubated at 28 u C. After incubation for 7 days, representative colonies were transferred to the same medium as above. A pure culture was obtained by streaking repeatedly; purity was confirmed by the uniformity of cell morphology. Routine cultivation of strain NEAU-ST5-21 T was performed in modified LB medium without the addition of NaCl (optimum) at 28 u C, if not specially indicated.
The 16S rRNA gene was amplified using universal primers 27F and 1492R according to Lane (1991) . The resulting PCR product was ligated into the pEASY-T3 cloning vector (Beijing TransGen Biotech Co.) according to the manufacturer's instructions and transformed into Trans1-T1 Phage-resistant chemically competent cells. The 16S rRNA gene sequence of strain NEAU-ST5-21 T was sequenced by Beijing Genomics Institute. A pairwise comparison of the 16S rRNA gene sequences was analysed using EzTaxon-e database (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) to determine the approximate phylogenetic affiliation. The gyrB gene was amplified by PCR using primers UP-1 and UP-2r as described previously (Yamamoto & Harayama, 1995) , and the rpoD gene was amplified by PCR using the primers 70F and 70R (Yamamoto et al., 2000) . The gyrB and rpoD sequences of strain NEAU-ST5-21 T were determined and then compared with reference gyrB and rpoD sequences available in the GenBank database using BLAST, respectively. Multiple alignments with sequences of the related type strains were performed using CLUSTAL X (Thompson et al., 1997) . Aligned sequences were analysed using MEGA 5.0 software (Tamura et al., 2011) . Phylogenetic trees were reconstructed based on the separate 16S rRNA gene sequences and concatenated 16S rRNA, gyrB and rpoD gene sequences using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Yang, 1997) methods and their topological robustness was evaluated by bootstrap analysis (Felsenstein, 1985) based on 1000 replicates. T and Pseudmonas toyotomiensis HT-3 T , respectively. Gene sequence similarities of less than 98.0 % for the 16S rRNA gene, less than 80.6 % for gyrB and less than 73.0 % for rpoD were observed with other related species of the genus Pseudomonas. As shown in the neighbour-joining trees based on the separate 16S rRNA gene sequences ( Fig. 1 ) and concatenated 16S rRNA, gyrB and rpoD gene sequences (Fig. 2) , strain NEAU-ST5-21 T fell within the genus Pseudomonas and formed a monophyletic cluster with P. xanthomarina KMM 1447 T , P. kunmingensis HL22-2 T and P. stutzeri ATCC 17588 T . The monophyletic group was also demonstrated in the maximum-likelihood trees based on the separate 16S rRNA gene sequences ( Fig. S1 , available in the online Supplementary Material) and concatenated 16S rRNA, gyrB and rpoD gene sequences ( Fig. S2 ).
Genomic DNA of strain NEAU-ST5-21 T and reference strains were prepared according to the method of Marmur (1961) and the purity was checked spectrophotometrically. The DNA G+C content was detected by the thermal denaturation method (Marmur & Doty, 1962) Table S1 .
L. Zhang and others using Escherichia coli K-12 as a reference strain. The DNA G+C content of strain NEAU-ST5-21 T was 65 mol%, which falls within the range observed for other members of the genus Pseudomonas, namely 58-70 mol% (Palleroni, 1984) . Because there were too many species (34 species (Hirota et al., 2011) . All strains were negative for assimilation of N-acetyl-D-glucosamine, D-sorbitol and sucrose. All strains were positive for oxidase and catalase activities, and assimilation of L-alanine and L-proline. 2, Negative; +, positive; (+), weakly positive; NR, not reported. 
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International Journal of Systematic and Evolutionary Microbiology 65 18231 T , P. kunmingensis CGMCC 1.12273 T , P. stutzeri DSM 5190 T , P. oleovorans subsp. lubricantis DSM 21016 T , P. chengduensis CGMCC 2318 T , P. alcaliphila DSM 17744 T and P. toyotomiensis DSM 26169 T , respectively. These values were significantly lower than 70 %, the threshold value recommended for the delineation of species (Wayne et al., 1987) , which supported the conclusion from the 16S rRNA, gyrB and rpoD gene sequence data that strain NEAU-ST5-21 T represents a novel species of the genus Pseudomonas.
For determination of fatty acid composition, cells of strain NEAU-ST5-21 T and the reference strains were harvested from TSA plates without the addition of NaCl [composition as follows (per litre): tryptone 17 g, soy peptone 3 g, glucose 2.5 g and K 2 HPO 4 2.5 g, agar 1.5 % (w/v); pH 7.3] after incubation for 2 days at 28 uC. Fatty acid methyl esters were separated using the previously described method (Sasser, 1990) . The fatty acid analyses were carried out using the Sherlock Microbial Identification System (TSBA; version 6.0 library) with the standard MIS Library Generation Software (Microbial ID) according to the manufacturer's instructions. The major fatty acids (.10 %) of strain NEAU-ST5-21 T were C 18 : 1 v7c and/or C 18 : 1 v6c (31.35 %), C 16 : 1 v7c and/or C 16 : 1 v6c (23.52 %) and C 16 : 0 (16.67 %). The major cellular hydroxy fatty acids were C 12 : 0 3-OH (4.77 %) and C 10 : 0 3-OH (4.11 %). Detailed fatty acid profiles of strain NEAU-ST5-21 T and the type strains of seven closely related species of the genus Pseudomonas are shown in Table 1 . It should be noted that all the strains were tested under the same growth conditions in order to compare types and percentages of fatty acids. As shown in Table 1 , the fatty acid profile of strain NEAU-ST5-21 T contains a combination of fatty acids found in other species of the genus Pseudomonas, indicating that strain NEAU-ST5-21 T is a member of the genus Pseudomonas. However, there were significant differences in the percentages of fatty acids between strain NEAU-ST5-21 T and each of the seven reference strains (Table 1) . Also, strain NEAU-ST5-21 T contained three unique types of rare fatty acids including anteiso A-C 17 : 1 , iso-C 19 : 0 and C 19 : 1 v7c/C 19 : 1 v6c, none of which were detected in the above-mentioned seven reference strains (Table 1) . Furthermore, eight types of fatty acids including anteiso-C 14 : 0 , C 14 : 1 v5c, iso G-C 15 : 1 , anteiso-C 15 : 0 , anteiso-C 17 : 0 , C 18 : 2 v6,9c/ante-C 18 : 0 , C 18 : 1 v5c and C 18 : 1 2-OH were detected in strain NEAU-ST5-21 T but not in the two most closely related species, P. xanthomarina DSM 18231 T and P. kunmingensis CGMCC 1.12273 T (Table  1) . Based on the comparison in the types and percentages of fatty acids, we propose that strain NEAU-ST5-21 T should be significantly different from type strains of the most closely related species. The quinones of strain NEAU-ST5-21 T were analysed by HPLC (Minnikin et al., 1984) . The predominant respiratory quinone was ubiquinone 9 (99.6 %), which is consistent with the fact that the predominant respiratory quinone of the genus Pseudomonas is ubiquinone 9 (Palleroni, 2003) . Polar lipids were analysed following the polar lipid extraction procedure and two-dimensional TLC according to the methods of Minnikin et al. (1984) . Polar Table 2 . Palleroni (1984 Palleroni ( , 2005 .
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lipids of strain NEAU-ST5-21 T consisted of diphosphatidylglycerol, phosphatidylethanolamine, one unknown phospholipid, phosphatidylglycerol, one unknown aminolipid, one unknown lipid and a glycolipid (Fig. S3 ).
Cell size, morphology and motility of strain NEAU-ST5-21 T were observed by light microscopy (CX21; Olympus) and transmission electron microscopy (H7650; Hitachi) after incubation for 2 days at 28 u C on LB agar. Gram staining of strain NEAU-ST5-21 T was performed using a Gram-stain kit (HiMedia). Catalase activity was confirmed by adding 3 % (v/v) hydrogen peroxide solution to colonies grown on LB agar. Oxidase activity was determined using 1 % (w/v) N,N,N',N'-tetramethyl-1,4-phenylenediamine dihydrochloride. Optimal conditions for growth were determined in modified LB medium consisting of 1.0 % tryptone and 0.5 % yeast extract supplemented with different concentrations of NaCl (0, 3, 5, 6, 8, 10, 15 and 20 %, w/v) . The temperature range for detection was 4, 10, 20, 28, 30, 35, 40, 45 and 50 u C. The pH range for growth was determined at pH 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13) by adding different buffers (0.1 M acetate buffer for pH 3-6, 0.1 M Tris/HCl for pH 7-9, 0.05 M sodium bicarbonate buffer for pH 10-11 and 0.2 M potassium chloride buffer for pH 12-13). Voges-Proskauer tests, nitrate reduction, H 2 S production, urease activities, and hydrolysis of casein, starch and gelatin were tested according to the methods of Smibert & Krieg (1994) . Other enzyme activities were assayed using the API ZYM system (bioMérieux) according to the manufacturer's instructions. The utilization of substrates as single carbon sources was determined as described by Zhou et al. (2007) Growth was monitored by measuring the increase in optical density at 600 nm (OD 600 ) of the culture using a spectrophotometer.
Cells of strain NEAU-ST5-21 T were rod-shaped, Gramstain-negative, aerobic, 1.9-2.0 mm long and 0.6-0.8 mm wide, and motile with one polar flagellum (Fig. S4) . The strain formed yellow-orange colonies with a smooth surface after 48 h at 28 uC. Physiological and biochemical characteristics are described in Table 2 . Some characteristics are in accordance with those of members of genus Pseudomonas, whereas others such as NaCl or temperature range for growth, starch hydrolysis, Voges-Proskauer tests, utilization of some carbon sources including cellobiose, Dfructose, D-mannitol, D-mannose, L-rhamnose, turanose, Laspartic acid, L-glutamic acid, L-threonine, c-aminobutyric acid and glycerol, production of acids from glycerol, Darabinose, L-arabinose, D-ribose, D-xylose, D-fructose, Dmannose, L-rhamnose, D-mannitol, glycogen and xylitol, and DNA G+C content, could be differentiated from the type strain of the most closely related species P. xanthomarina DSM 18231 T (Table 2) .
Based on the above phenotypic, chemotaxonomic and phylogenetic characterization, we conclude that strain NEAU-ST5-21 T represents a novel species of the genus Pseudomonas, for which we propose the name Pseudomonas zhaodongensis sp. nov.
Description of Pseudomonas zhaodongensis sp. nov.
Pseudomonas zhaodongensis (zhao.dong.en9sis. N.L. fem. adj. zhaodongensis pertaining to Zhaodong City, China, where the type strain was isolated).
Cells are rod-shaped, Gram-stain-negative, aerobic, 1.9-2.0 mm long and 0.6-0.8 mm wide, and motile with one polar flagellum. Colonies are yellow-orange with a smooth surface after 48 h at 28 u C. Growth occurs at 20-40 u C (optimum 28 u C), at pH 7-11 (optimum pH 7) and in the presence of 0-5 % (w/v) NaCl (optimum 0 %). Tests for catalase, oxidase, nitrate reduction and Voges-Proskauer are positive, but those for H 2 S and indole production are negative. Hydrolyses starch, but not casein or gelatin. Utilizes L-arabinose, D-glucose, maltose, D-mannose, turanose, L-aspartic acid, L-glutamic acid, L-threonine, caminobutyric acid, glycerol, L-alanine and L-proline as sole carbon sources, but not cellobiose, D-fructose, D-galactose, D-mannitol, L-rhamnose, L-histidine, L-serine, N-acetyl-Dglucosamine, D-sorbitol or sucrose. Produces acid from glycerol, D-arabinose, L-arabinose, D-ribose, D-xylose, Dglucose, D-fructose, D-mannose, L-rhamnose, D-mannitol, D-maltose, glycogen, xylitol and D-fucose, but not from Lfucose, D-arabitol or L-arabitol. Produces alkaline phosphatase, esterase lipase (C8), lipase (C14), esterase (C4), leucine arylamidase and naphthol-AS-BI-phosphohydrolase, but not valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase or afucosidase (API ZYM). The major fatty acids (.10 %) are C 18 : 1 v7c and/or C 18 : 1 v6c, C 16 : 1 v7c and/or C 16 : 1 v6c and C 16 : 0 . The major cellular hydroxy fatty acids are C 12 : 0 3-OH and C 10 : 0 3-OH. The predominant respiratory quinone is ubiquinone 9 and the polar lipids consist of diphosphatidylglycerol, phosphatidylethanolamine, one unknown phospholipid, phosphatidylglycerol, one unknown aminolipid, one unknown lipid and a glycolipid.
The type strain, NEAU-ST5-21 T (5ACCC 06362 T 5DSM 27559 T ), was isolated from saline and alkaline soils in Zhaodong City, Heilongjiang Province, China. The DNA G+C content of the type strain is 65 mol% (T m method).
